1. Introduction {#sec1}
===============

Brown-Sequard syndrome (BSS) is usually the result of trauma to one-half of the spinal cord, and constitutes 2--4% of all traumatic spinal cord injuries. BSS can also be associated with non-traumatic causes, such as a herniated cervical disc, cervical stenosis, and spontaneous cervical epidural hematoma (SCEH).[@bib1], [@bib2] Although it has been described previously, the pure form of BSS is rarely found with ipsilateral motor paralysis and contralateral loss of pain and temperature. Contralateral hypoesthesia may not be noticed at first, and the sensory symptoms and pain can be mild because the neurological deficits are not fully formed.[@bib1], [@bib2] Especially in overcrowded emergency departments, and in cases with insufficient patient history and incomplete neurological examination, hemiparesis can be the most evident complaint in patients with cervical narrow spinal canal pathologies without pain. Often in the emergency department, a prediagnosis of ischemic stroke is generally preferred over BSS because acute cerebral ischemia (ACI) produces more fatal outcomes, and is seen more commonly. Moreover, BSS may mimic acute stroke, especially in patients with advanced age, leading to diagnostic challenges.[@bib3], [@bib4] For this reason, we aimed to presented our case series with cervical spinal disease for differential diagnosis of BSS from stroke.

2. Case presentations {#sec2}
=====================

We reviewed the data of patients, admitted to the emergency department between 2009 and 2014 with prediagnoses of ischemic stroke, and subsequently performed operation because the BSS has been identified in the neurosurgery department. These 8 patients presented with spontaneous unilateral hemiparesis of the upper and lower extremities, without significant cervical pain. In all of the patients, aroused the suspicion of cerebral ischemia, and they initially underwent cranial computed tomography (CT). Since these CTs did not reveal ischemia, they each underwent diffusion weighted magnetic resonance imaging (DW-MRI) of the brain. In light of the examinations and normal CT results, and DW-MRI results at the acute stage, the patients were believed to have ischemic stroke and were admitted to the neurology department. The failure to detect other clinical findings of cerebral ischemia, and the increased degree of pain in some cases, negated the prediagnosis of ischemia, and all cervical MRIs results were showed findings, which can cause BSS. Subsequent to the clarification of the definitive diagnosis, the patients were transferred to and operated in the neurosurgery department.

There were six (75%) males and two (25%) females cases, and the median age was 62 years (range; 54--85). Seven of the cases had clinical complaints which first began during daily activities. Only one had a history of falling (from the same level) due to a loss of balance. In this case, at first, the trauma history was thought to be responsible for the symptoms. Then, hemiparesis was thought to be responsible for the falling due to the normal soft tissues and vertebral bones of the cervical spine on the radiography and cervical CT. But then, spinal cord edema due to acute trauma was seen on T2 sagittal MRI of the cervical spine. In two cases, SCEH was found to be the cause of the BSS.

None of the patients complained of significant neck or cervical radicular pain at the initial presentation, but after presenting to the emergency department, neck pain is manifested within 3--7 days cause by epidural bleeding became within 3--7 days because patient did not have cervical CT or MRI at initial presentation. The cervical MRIs and CT images (if any) of all of the cases are shown in [Fig. 1](#fig1){ref-type="fig"}. The cervical MRIs revealed significant multi-level spinal stenoses in four of the cases, and prior single-level herniated disc in two of the cases ([Fig. 1](#fig1){ref-type="fig"}). Based on the reassessment of the CTs, three of the patients with stenotic cervical spinal canal showed asymmetrical ossification of the posterior longitudinal ligament (ossified PLL), markedly narrowing the canal at the lateral recesses. In one case with cervical disc herniation (CDH), the MRI scan displayed edema in the spinal cord ([Fig. 1](#fig1){ref-type="fig"}; case 8). The radiographs of the patients with stenotic spinal canals revealed spinal spondylosis.Fig. 1**(Parts 1 and 2)**. Clinical and radiographic characteristics of all 8 cases.Fig. 1

The clinical complaints of the SCEH patients resolved over time, after surgery. One SCEH case had a history of warfarin and acetylsalicylic acid use, while the other case had no facilitating cause. Each of these cases performed a hemilaminectomy on the epidural hemorrhage side. The one-year follow-up of the cases that received hemilaminectomy of the cervical spine exhibited no deformities in the cervical area. Six of the patients completely recovered, one patient with SCEH and one with CDH showed incomplete recovery. The demographic data of all of the patients and outcomes are shown in [Table 1](#tbl1){ref-type="table"}.Table 1**Demographic Data of All 8 patients**. ED: Emergency Department, CL: Contralateral, Hyp: hypoesthesis, CR: complete recovery, IR: incomplete recovery, SCEH: spontaneous cervical epidural hematoma, CDH: cervical disc herniation, TL: Total laminectomy, HL: Hemilaminectomy, ACD: Anterior cervical discectomy and fusion.Table 1CaseAge/SexInitial symptomsThe interval between the clinical onset and initial clinical examination in EUSensory deficits of these patientsLevel of affected on spineDiagnosisTiming of surgerySurgical methodOutcome168/MPainless hemiparesisAcute 6--8 hCL C4-C5 HypC3-4-5Stenosis due to spondylosis2 dayTwo level TLCR285/FMild neck pain and hemiparesisSubacute 12--16 hCL C4-C5 HypC4-5-6SCEH3 dayTwo level HLCR356/MMild neck pain and hemiparesisSubacute 24--36 hCL C7 HypC7-Th1SCEH7 dayOne level HLIR460/MMild radicular pain and hemiparesisAcute 6--8 hCL C4 HypC3-4Soft CDH3 dayACDCR567/MPainless hemiparesis12--16 hCL C5-C6 HypC4-5-6Ossified CDH2 dayTwo level TLCR654/FMild neck pain and hemiparesis10--12 hCL C4 HypC3-4Soft CDH2 dayACDCR781/MPainless hemiparesis24--36 hCL C6 HypC5-6Stenosis due to spondylosis3 dayOne level TLCR864/MMild neck pain and hemiparesis8--10 hCL C3 HypC2-3Soft CDH5 dayACDIR

3. Discussion {#sec3}
=============

In the present study, we focused on the causes of non-traumatic BSS associated with pathologies of the upper spinal cord, and how the differential diagnosis between ischemic stroke and non-traumatic BSS can be done. Pathologies affecting the cervical spinal canal may cause various clinical symptoms, depending on their location, such as compression of the nerve root and partial or complete compression of the spinal cord. Thus, incomplete involvement of the lateral half of the spinal canal may lead to a clinical profile of BSS.[@bib1], [@bib5] BSS is defined as reduced or loss of motor function due to ipsilateral damage in the corticospinal tract, and decreased or loss of pain and temperature sensation in the contralateral extremity, with conservation of deep sensation.[@bib6]

The most important findings differentiating between an ischemic stroke and BSS were speech disorders and facial paralysis in the clinical findings of ischemic stroke, which were not observed in BSS.[@bib4] Generally, cervical or thoracic spinal cord blunt traumas are responsible for BSS; however, it is rarely caused by penetrating traumas.[@bib1], [@bib6], [@bib7] In some instances, BSS associated with blunt trauma may occur due to a herniated disc, direct bone compression, vascular compression arising from direct compression, ischemia or direct stretching of the PLL of the spinal cord.[@bib7] Although uncommon, incomplete BSS can also occur as a result of non-traumatic injury.[@bib8]

Because the spinal cord compression appears before the neural root compression in such cases, radicular pain symptoms are not often present. Contralateral deficits are associated with the degree of compression and exact location. Since the corticospinal tract is anatomically located most laterally and posteriorly within the spinal cord, it is the first to be affected by lateral and posterior compression ([Fig. 2](#fig2){ref-type="fig"}b). The spinothalamic tract is located closest to the central and anterior portion of the spinal cord; therefore, the severity of sensory dysfunction may be unclear in some cases. Moreover, the spinal cord can be easily affected by the bulging of the ligamentum flava in the narrow spinal canal ([Fig. 2](#fig2){ref-type="fig"}a and b) and also there may be a hemorrhage in posterior-lateral part of the spinal canal.[@bib6], [@bib7], [@bib8], [@bib9] The degree of spinal cord compression varies among patients; however, one-half of the spinal cord should be completely damaged to observe the BSS triad.[@bib7], [@bib9] When the damage affects the corticospinal tract more while influencing the spinothalamic tract less, due to incomplete compression, diagnostic difficulty and confusion may occur. The resulting pathology and the affected neural tracts are shown in the anatomical drawing in [Fig. 2](#fig2){ref-type="fig"}b.Fig. 2The neural tracts affected by hyperextension in one case of a stenotic cervical spinal canal at the level of the lateral recess are shown. The relationships of the stenosis with the corticospinal and spinothalamic tracts are outlined.Fig. 2

SCEH, cervical disc inflammation, tumours, cervical spinal canal stenosis, extradural primary or metastatic tumours and vascular malformation may lead to BSS via the mass effect; however, the clinical profile may be confused with ischemic stroke because of the symptom of hemiparesis.[@bib1], [@bib8], [@bib9], [@bib10], [@bib11] Ischemic stroke cases often present with accompanying clinical symptoms, depending on the affected cerebral region. Changes in consciousness, speech disorders and impaired vision, albeit temporary in nature, can be seen with hemiparesis.[@bib4]

It is very rare for cases of CDH to present with an acute BSS clinical profile,[@bib6] and Stookey was the first to describe CDH as part of the BSS etiology. In addition, Jomin et al. found the combination of BSS and CDH in 2.6% of patients, with the pathology at the C5-6 and C6-7 levels.[@bib7] In our study, CDH was at the C2-3, C3-4, C4-5 and C5-6 levels. In neurosurgery practice, it is common to observe stenosis associated with degenerative changes at the C5-6 and C6-7 levels on cervical MRIs, which do not induce long-standing neurological symptoms. In some cases, spinal canal stenosis may go undetected until the disappearance of the cerebrospinal fluid (CSF) surrounding the spinal cord, and the involvement of the nerve roots.[@bib11] In a review by Kobayashi et al. including 18 CDH patients, the mean age of the BSS diagnosis was 48 years old.[@bib6] They noted that none of the cases had history of trauma, and the clinical symptoms developed subsequent to normal daily activities. Apparently, a heavily compressed spinal cord loses the ability to move, thereby suffering mechanical damage upon the slightest hyperextension ([Fig. 2](#fig2){ref-type="fig"}a). Some studies underscore this, reporting the onset of clinical symptoms in response to a simple hyperextension maneuver.[@bib11] In our study, the history of one of the patients, who was 81 years old with spinal stenosis, revealed that he had started to experience the clinical symptoms during routine daily movement.

Radiographic findings characteristic of paramedian CDH have commonly been seen in the presence of cervical spinal stenosis.[@bib6], [@bib11] Our cases were radiographically determined to be paramedian CDH with stenotic cervical canals at the lateral recess level (cases 1, 5 and 7), and the neurological deficits were thought to result from a simple rotation movement coupled with hyperextension. The increased pressure secondary to edema in the spinal cord causes ischemia.[@bib6], [@bib9], [@bib11] In some cases, the tight adhesion between the dura mater and the PLL may lead to spinal cord compression.[@bib6] Our cases with stenotic spinal canal showed characteristic radiographic findings consistent with the literature ([Fig. 1](#fig1){ref-type="fig"}; cases 1, 5 and 7).

SCEH is a rare pathology, generally presenting with acute neck pain subsequent to mild radicular pain. The formation of the clinical picture may take 2--3 days.[@bib12] The second most common symptom is fatigue in the arms. The paresis may become aggravated over minutes or days, and rarely, may resolve.[@bib13], [@bib14] The etiology of SCEH includes undiagnosed, acquired or congenital coagulopathies, such as hemophilia, anticoagulant use, hypertension, neoplasm, arteriovenous malformation, trauma, post-operative complications, cough, vomiting, sneezing or weight lifting, which increase venous pressure.[@bib15] However, in 40% of the patients with such hemorrhages, no etiology can be identified, and they are classified as having idiopathic SCEH.[@bib10], [@bib13], [@bib14], [@bib15] The vascular vulnerability may be responsible.[@bib13] These heamorrhage often form at the cervicothoracic junction. A bilateral clinical profile is more commonly seen, while hemiparesis is a rare event.[@bib12] Posterolateral acute compression of the spinal cord may lead to BSS. However, it may fill the spinal canal upwards. Hematoma is usually spanning over 2--3 segments, and the clinical presentation may vary, depending on the size, location of the hematoma and duration of the hemorrhage (hemorrhage due to venous origin occurs slowly).[@bib14] Based on our surgical findings, we concluded that there was venous vascular damage in the lower cervical segment, exhibiting hypermobility when compared to the thoracic spine.

SCEH can easily be diagnosed with a cervical MRI, and on T1-weighted MRI images an acute hemorrhage is seen as an isointense area. Since the fast field echo sequence showing acute hemorrhage was not included in our routine MRI sequences, we had no images of an acute hemorrhage; however, the subacute and chronic hemorrhages exhibited hyperintense appearances.[@bib13] But in spite of technological advances, it may result in diagnostic challenges. In neurosurgery, SCEH is a very rare emergent condition; if not diagnosed early, it may result in disability. The standard treatment is the emergency drainage of the hematoma, and the interval between the onset of the SCEH symptoms and the surgical decompression determines the SCEH prognosis.[@bib12], [@bib13]

Further, there are cases in the literature of patients receiving heparin therapy due to the misdiagnosis of ischemic stroke.[@bib8] We observed no such case. If heparin therapy is given, there is an additional hemorrhage risk in case of surgery. Moreover, warfarin may increase the hemorrhage and deteriorate the clinical condition among those patients in whom the primary pathology is SCEH.

4. Conclusion {#sec4}
=============

Usually, chronic and sometimes acute cervical pathologies compressing one-half of the cervical spinal canal may present with only hemiparesis at first, without neck and radicular pain, especially in elderly patients. Thus, they masquerade as acute ischemic stroke. If there is any doubt following a detailed neurological examination, a cervical MRI should be incorporated into the routine assessment of such cases in the emergency department.
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